; e3e~<~889: :: T: <6p<T<[ d810004055 1 5 PRI NTHEAD | NTEGRATED CIRCUI T 10 FI ELD
OF THE | NVENTI ON 14 QOct ober 2004 This invention relates to the field of
sem conductor integrated circuit devices, 15 processes for making those
devi ces a3t ens utilizing those devices. Mre specifically, the
invention relates to a conbined MOS and ej ection eIeneH{OﬁPVﬁﬁﬁgﬁd
integrated circuit for fluid jet recardi ng. BACKGROUND OF THE | NVENTI ON 20
MOS (netal oxide sem conductors) integrated circuits are fording increased
use in electronic applications such as printers. Conbining the driver
circuitry (the MOS transistors) and the ejection elenents (for exanple, a
resistor) requires the hybridization of conventional integrated circuit
(IC and fluid jet technol ogy. Several 25 different processes for comnbining
the IC and fluid jet technol ogy exist but can be expensive and usually
require a significant amount of process steps that mght introduce defects
into the final product. In conpetitive consunmer markets such as with
printers and photo plotters, costs must continually be reduced in order to
stay conpetitive and profitable. Further, 30 the consuners increasingly

expect reliable prOdUCt5P?ﬁgﬁ%@ﬁb%ﬁ?EéREEEBQHR@Q@fr for custoners is often

times hi gher than the cos replacing the product. Therefore, to increase
reliability and reduce costs, inprovenents are required in the
manuf acturing of integrated circuits for printheads that combi ne MOS

transi stors and ejection el iﬁfﬁgé ‘é%§8%$ﬁ5 SUMVARY 14 Qct ober 2004 An
integrated circuit is forne S B . e integrated circuit
includes a transistor fornmed in the substrate. The transistor has a gate

that forns at | east one closed-|oop. The integrated circuit al so includes
an ej ection el dhivinventias relaesde theifistl of serpigenduptanafegratid ot dsvifefhe e ecti on

el erenfs | 5, gl SRORF AN SR RAUDTH GhriShhAN Bl deORE WhitenO 1 el 0 oxi de

specifically, the invention relates to a combined MOS and ejection element printhead

integrated circuit for fluid jet recording.

BACKGROUND OF THE INVENTION
20
MOS (metal oxide semiconductors) integrated circuits are finding increased
use in electronic applications such as printers. Combining the driver circuitry (the
MOS transistors) and the ejection elements (for example, a resistor) requires the
hybridization of conventional integrated circuit (IC) and fluid-jet technology. Several
25  different processes for combining the IC and fluid-jet technology exist but can be
expensive and usually require a significant amount of process steps that might
introduce defects into the final product.
In competitive consumer markets such as with printers and photo plotters,
costs must continually be reduced in order to stay competitive and profitable. Further,
30  the consumers increasingly expect reliable products because the cost of repair for
customers is often times higher than the cost of replacing the product. Therefore, to
increase reliability and reduce costs, improvements are required in the manufacturing
of integrated circuits for printheads that combine MOS transistors and ejection

elements.



By changing the |ayout of the transistor gate regions, the integrated
circuit is fabricated such that an island mask is not required to define
active regions of the 10 transistor. The | ayout change requires that the
gates of {#&*%tansistors be formed using closed-1oop structures of one or
nore | oops. Changing the |layout and not using an isl anH49‘é‘§Pert2§0‘Hefi ne the
active regions during fabrication achi eves several benefits. There is
reduced cost froma reduced nunmber of process steps required to create the
integrated circuit. By reducing the nunber of process steps, risk of
failures due to the | 5 introducti oBUNMARKt am nants is reduced thus
increasing yield and reliability. Reduced process steps al so reduce the
chem cal usage per wafer in fabrication and increases the total nunmber of
waf ers processgag iﬁte%%ga i@t i§ FoiBedon bubkirade. fThedstegraed pinauittindedes BRI EF
DESCRI PTI ON OF THE WNGS 20 Fig. 1 is an exenplary cross-section of a
convent i oralansistorcfgrragday the subsirate. ¢ altfa%%ﬁ%ihﬁ%%g"ég{%f“afﬁg?%ﬁt F2SM8 ej ecti on

el ement,. Eio??d-l%o#g.s 'n@?ﬁ%lcﬁwt Qb PRSuIR Gh kRPN elkneRBOd cod tof t he
invention iTTustrating the cross-section of a cl osed-loop transistor and

t he ej ect itienraakiewewhereidShddjertion elementris dixpmpd eveythe pebstats sathpgnof an
optional subst r.at{a1 ont agétX used in an alternative enbodi nent of the

i nvent i on Ngvgpingigld oxide Jayer. "o v schematic of a transistor circuit used to
sel ectively coBlicRing@ip tRf REdut 6fthe transidr gattirgpions, theinfagratedanigobiaisy mask | ayout

of the exenplary schemati f Fig. 4 and 30 odyi ng.aspegts of the

i nventi on:fab“C&‘G%Q%Shai&fl G@PEB@FI‘ Bagyregsd t%deﬁ-ggéﬂ%& . Sz??g]esphenati c

i 1] ustipat iingstibe Ble@Sohi Gahge rBjulel BeAnDRLNRE hearahaaois Gt figmde vsing and a
printhead 1 ntegrated ci rcw% on a fluid cartrjdge that conbines a

transi st orcloapd-lponntregeres ofne o1 BaAeops -Changingtae laYP“é%irﬁﬁ?!‘ 41884 ow chart of a
process uggd {0, &hEAlhe HL dcﬂ%cflg i%ﬁsecﬂlrﬁ'lg"facﬁﬁbgtioﬁlr&%ie\%gmgiaﬁﬁelﬁﬁﬁeCt s of the

i nvention. ?ﬂg. I's an exenpl ary perspective diagramof a printhead that

i s made fridmednredntedgostifot credewi nusbdyofipiontys sthps reqursAte geate tieg. 9 is an
exenplary .fluid cartrigge.inc orating the AL of Fig. 8.
10 Fig. 10Mreratsd o Fg}lcfnggé%ﬁnﬁ)ér VWEE S?%%{m}‘%@%éﬁlg‘%% g‘%%g%?ehe exenpl ary

recor disng igeddutti st cOhtamingnts & redicdd\ihbERcIOrsT(ERI T hid\e[ikbilitERBIRIEEERRED AND
ALTERNATE ) ) o )
process steps also reduce the chemical usage per wafer in fabrication and increases the

total number of wafers processed in a fixed time or with a fixed equipment set.

BRIEF DESCRIPTION OF THE DRAWINGS

20
Fig. 1 is an exemplary cross-section of a conventional integrated circuit that
combines a transistor and ejection element.
Fig. 2 is an exemplary cross-section of an embodiment of the invention
illustrating the cross-section of a closed-loop transistor and the ejection element.
25 Fig. 3 is an exemplary cross-section of an optional substrate contact used in an

alternative embodiment of the invention.

Fig. 4 is an exemplary schematic of a transistor circuit used to selectively

control an ejection element.

Fig. 5 is an exemplary mask layout of the exemplary schematic of Fig. 4 and

30 embodying aspects of the invention.



EMBODI MENTS 15 The sem conductor devices of the present invention are
applicable to a broad range of sem conductor devices technol ogi es and can
be fabricated froma variety of sem conductor nmaterials. The follow ng
descri pti %% 3Scusses several presently preferred embodj gents t he

sem conduct or devices of the present invention as 20 ilrf‘p @ﬂ@ﬁlzg in silicon
substrates, since the majority of cusrently avail abl e sem conductor devices
are fabricated in silicon substrates and the nost commonly encountered
applications of the present invention will involve silicon substrates.
Neverthel ess, Fipes praazeahplayseivhiadaillsyatiap e ckdirigaltisigdagdetvepea enpl oyed in

gal | ium arseni de, gernmni uy nd ot her. sem canduct o P

Accor di ngrsgordingeleyice %P%r&?aﬁ%?ﬁf?ts cifegt ﬂﬁfﬂuﬁtcgﬁla%qﬁ%%é%%?% ted to
those devigas.fafi £Adj&doh Bledbati CON sem conductor materials, but wll

i ncl ude those devices fabricated in one or nore of the available

semi conduct or igt &is aalcserapleryiilopriber off Becess user ihreate & PSR dski 1 1 ed in the
art, sych 1R n= il SbShOhvéntibET) technol ogy using polysilicon on
gl ass gubscﬁgué{lgé&ngﬂ(gh%%#%gr, varnivonuls parts of the sem conductor elenents
have not been Higadis dnexemplhey.peSpectiaé diaghammef 8 pontheddahas isyeeds foxbgher at ed in
relation to other, dinensiaons.in order to provide a clearer illustration and

under st andfFRJAET Cre SBPRLURE the VEMNPon. For 10004055 14 October 2004 the
purposes of i | FysSt il eRbmplag fii®ELtidgdinerpaatingain exefmphenprodireddof or devi ces
of the present invention have been shown to include specific p and n type
regi ons, Bi& 8it should be clearly understood that the teachings herein are

equal liy appli el # kan3EemhARIILEIdHG ok Pt dpiRkoie tRamanduct [ vi Ui es of

t he various regions have been reversed, for exanple, to provide the dual of
the il | ustrecatdiug chetvidgeof Higr 9addi ti on, al t hough the enbodi nents illustrated
herein are shown i n twodi nensional views with various regions having depth
and width, it should be clearly understood that these regions are

i | lustrations DETAANERD BESCRIPTION Of THESPREFERRED ANDf ALTERNATE, whi ch nay
include a plurality of such cells @rrwﬁallds in a three-dinensional 10
structure. Accordingly, these rEM have t hree di nensions, i ncluding
| engt h,s Wi dth, and depth, when fabricated on an actual device. It should be
noted that the drawi ngs are not true to scale. Mreogver, in the draw ngs,
heavi |y doped fhgpesmisondustps dexiceyofdhmpressaiinysntprsare APRIGARIF (43 Weadhyf at | east 1
x 1019 1 mpuf ) toig%l‘igmctg{@evﬁgﬂe %fogfé:s Y @n BE BbriSdt@ ¥rdif a Garietyhdf OF p+) and
lightly dop§§ regions (typica concentrations of no nore than about
5x1016 i npehicohdstor nBeripls. Therfohlowingidgseripongliscpsses sevéral)presepttieover, whil e t he

present invention . is.illustrated b referred embodi nents djrected to
silicon S@mf%moapne&m%é}éeﬁmﬁon%%%ﬁ§?V1ﬁe59€tﬁa8r§se[nkgltvelitwg§% illustration
be a ldom tiabieaRn@A i HBconGOREaes, saRPihe ety sficunéntlyheaipblsent i nvention. |t
is not intended that 20 the sem conductor, devices of the present invention
be i m t edemisopdistsdydres are fabrcgted i slicon spstptes,and dhe ‘?ﬂ%%’“&‘f’? ctures are

I ncl uded teﬂccﬂﬁf@éﬁp&ﬁéaﬁoﬁm e frbdefitin @RForPRIM ihedhid AtoR bubshatepr esent

dinvention to presently preferred enbodi nents. . .
Nevertheless, the present invention may also advantageously be employed in gallium
arsenide, germanium, and other semiconductor materials. Accordingly, the present

invention is not intended to be limited to those devices fabricated in silicon

1~
i

semiconductor materials, but will include those devices fabricated in one or more of
the available semiconductor materials and technologies available to those skilled in
the art. such as thin-film-transistor (TFT) technology using polysilicon on glass
substrates.

30 Further, various parts of the semiconductor elements have not been drawn to
scale. Certain dimensions have been exaggerated in relation to other dimensions in

order to provide a clearer illustration and understanding of the present invention. For



Active area conponent, e.g. the source and drain, isolation of a MOSFET
(nmetal oxide sem conductor field effect transistor) is conventionally
acconpl i 329&4@5 2~ using two mask |ayers, an island | ayer and a gate | ayer.
The i sl an ayer is used to forman opening within thi c4< fiellcj i(i de grown
on a substrate. The gate layer is used to create the gla @tgher Pl(g transi stor
and forns the self aligned and separate active areas (the source and drain)
of the transistor within the island opening of the thick field oxide. 30
Fig. 1 is an exenplary cross,-section_ of a conventional .inte { ted circuit

11 that cchbpurpesegof iflusieation the Prsfaredjembpdipintaf sepigendugtordayices Gt the 1 o
preferabl y silicon, ShSLASLRS KPR bPe HaRsS, bukitl 1 ed in the
art can b@rﬁsggtdﬁgﬁaggﬁ#:ﬁe%{e%tg%héje sp?tﬁtpt _l ?000&3}361 ~ Oct ober 2004 and
scope of tsheuli by eltilomdeistop that the sechings herpicae vquatly aprdicatlftoegr at ed circuit
processes. The substrate .10 i referabl. | PravdgRant for an
NMOS pr oc §84° i\']ﬁg?fedf‘,”c?stm (V:stth%a 5o lg%gfctj%se%qgmee%ﬁ%%gﬁgndoapant for a PMOS
process Tleersadbfk badngpld @ prasidathedpdeff thenllelretedd¢vi®) di sposed over the

substrate with an 5.intervening field oxide |laver 12 vi di t her mal

i sol ation of tH%a%‘?'é%rt’ia “gﬁ[‘]g}‘?gﬂ’tb"(gﬁle?tﬁlbﬁtéatgu 7S nrlgeesgﬁ‘g]? h t?onal,l Y,

addi t i onal 4;deRestal Giewewitt Qarici giondBaviledeptspa sedthanstonk Heickdady oxi de | ayer
12. The ejection elenment 20 is coupled to a transioit or EO,HBéeferabl y an
N MOS t r anwidststaed thap thesegregiang #eillustrpsionsafonly@ postipn of g SIPBICTE" P52 pref erabl y
done usi ngyR;.CONMUE kY fchY & plufatity S4Giéh @Rs Abdhgid i@ thb ifksagionat her 10
conductors can be used such as copper and gold, to nane a couple. The

t ransi Bt or st@0ture chasdeiéngly, Sese regiongvilkhave dufedimangiogh dnclidingdrrgtihct i ve regi on

16 and a gate 14, .The e] 1.on. el e i s made froma resistive

conduct i vew1d§§7§’rld?Leé)rt}[’W%E?aéngaé%dgdsﬁaﬁ%g&%ﬁngmé field oxide |ayer 12. The area
of an openi ng ilpsHolR teqiothd cliat the drawisgs azélnod @fié wesale. heforgorert indhe el enment  20.
To protect the ejection el enent 20 {}romthe_reagti ve, gualls%kl es of 1 ~fluid
to be ej ecdrawingshepvilydopstregigny{hpieliyqngentiatons,ol yapyrileyola f8dy over the

ej ection e : 3 B sl L YRS dhapHhay g éleposi ted on
t he substrg’?gw%l})%‘?%%@%eg%rgg'fasl%rg‘ieﬁ;b%ggﬁhEl?hgglgnt 6g?z;t ed %}?E?Srt 11 is

conbi ned  wieglonniiymealll icorsentzazions @no mae than alouh 5% 10y iEPRAkies{caY) B and an
orifice plate 28. )cti on element 20 and the passivation |ayer 22 are

inus sigh Jhg)'ngne. . .
prot ect ed Fi'om alﬁrﬁ%' ue ' to bubble collapse in fluid 20 chanber 92 after
fluid ejection ¥MorovarpelleghOfiretent iaventivn {satlistmtedl y preferrtd embedimgntgli sposed

over passivation |layer 22. The stacks. of thin-fi | ayers 32 that are
di sposed ofTSIFHL? FLEQ SEEMCOPENCIqy JEUCqS Y Mgt lﬂteBgeéis,tgag]&‘eS%ﬁ{uﬁtéa% ﬁ%% rate 10
bef ore appfi%itﬁﬁ)n@ﬂ@h@%c-bf)éi SraphiRsili ﬁ%ﬂlxecg?&d'eﬁma}elnt{on.tlhg @t infeh@& thayer 82 can

t
be a single or nultiple |ayers) of polyner or epoxy material. Several
nmet hoda0 f othe seraiapidugtot feviass pf the preseny mvensioa by Hewitpd ®-the physistlse skilled in the
art. 1n th ru%[irlt?eosqll\gﬁrg{eﬁ. ?f‘nes& JufIERE i ﬂded{gldkljégnsﬁ'aﬁm\/\ﬁmw ahal _Pprocess, no
island mask 1's used to formthe transistor. ?also, the fiéeld oxide
di el ect ri cappiiyaionio$ theqiresgutonwenton to ipeeseully praferted embpdimend) t he gate nmask is
modified to formclosed | oon gat .etthJu‘é&.taﬂg il RoRAGPOR M?J%_ngtl the
i sol ations require {6 QTBAtE " tfie transistors. gy using a ;0 cl osed-Ioop
gat e st r uctmuta oxtdeserdicaiducec field effest @ansistor) iseotveansially axcoinglishndbpsed by t he
gate of _the transistor. The ar outsid f t cl osed-1.00 te is the
SOUI’CGE%IC'[N}%g EARCER ayteﬁea”t’Fl&W&%‘é?ﬁP.a%%f fs%yeda?ge }S!'fi}ég °t'eC erclliQ(gue al l ows for
the creati @fimeh opetigMvRkiQCIEESTicld bRIAOE0SA oh 4 sibstrabe The giidllafdrasusedr creating
an integrated circuit that doges ng#é_ﬁrne ui rg t he active | evel mask, two
furnace opHratatols 2atgAbthe forysigr ag s 8?8?:1 ;aligngd %‘tfés,ep‘i‘rﬁt& PEYERE*but not
limited toghd i@ 28X iRa) bOhe tahdidtbrdathiedo sldni 0penimuf tie thich$igl et ch st ep.
Thus, one benefit of the invention is the reduction of nultiple processing
st eps conp&Fidd to conventional S MOS process flows prior to gate oxidation.
An exefpl ary copyentsiaQRAmpli)eRIS sdeliod sfdQIntciforil RRSGrAdd dceit PRthaoXi dat i on
cl ean, pad oxidation, nitridé deposition, active photolithography, active
etch, resi sambingsptansistor andfejestion elgmenit Acubslaidn, prefeeably HicoaMough, degl aze,
nitride strj d pre-qgate.oxidation, cl ean,befor L oW ~thermal gate
oxi de. All O%"% %“ﬁ%%aée%%‘f‘%‘g‘é Eootpoieﬁgﬁgégﬁﬁ %{f%né’ 5 rl11\s/egna§’|d gtﬁlgwe%g%%: grét are 10
el i m nat ed when using a process to nmake enbodi nents of the invention. Since
the active |layer photolithography is elimnated, one reduces the total
nunber of mask levels used. In addition, to conpensate for the |ack of the
thick field oxide layer in a process used to make enbodi nents of the
invention, a dielectric |ayer of preferably phosphosilicate glass is
applied, preferably by deposition, to a thickness of at |east 15 2000
Angstronms but preferably between 6000 to 12,000 Angstrons or greater.
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20 tine is preferably 120 seconds. Fig. 2 is an exenplary cross-section of
an enbodi nent of an integrated circuit (1 C 117 incorporating the

i nvent i ORgoodods t hi s enbodi nent, the gate 114 of the transistor is shown in
two sections that in actuality are connected in a cIosEg-log$ gﬁgner
outside of this view (see Fig. 5). Ln this embodi nent, [ e38RFAEAEI st or 130
on 2~ 1C 117 is formed using a closed-l1oop gate structure to isolate the
drain 116 of the transistor 130 within the inner portion of the

cl osed-1 oop. The.source. 118 of th r ansi.s . i :si de of the
cl osed- | @BHSHRE gf.tﬁ? H“’f'ﬁ}og’ '&Rf?&ff?@ﬁ&ga&ﬂ@eﬁ t}@%]dl ﬁ%grla Efg °|ﬁ§'l'gom on the
subst r at grdelQe@NTheRAbstralea06s Frfetablydopedawitt op-diepim borah@IMOSi n 116 and source
118 active areas. To make up for the Iaccgpof fig(?ll\g%gxi de gﬁ;é/vt h, a
di el ect r ippoces; hewever, itzan plso brdoped withiaq gy depant foy B R Gst Fons but
pref er ablsxbsttrgtealfothg %{g&%?n g%mb,ﬁtzwng&@@v&t&Qﬁﬁbuh@ vatoaat | 2, 000 Angstrons

y of p i

or greater, prefera osphosilicate glass, tq provide far thernal

i sol at5i orintbetwieg field lside jayer i2qmoudiag hegmal 159’86%@‘5@@ “@EF%B’@?‘ 29004 | 20 and
the substragte 110, A first ,co kiS4 SBESaTels hiebelliglosédion ¢ | ayer 136
to all ow‘?ﬁ'@se‘ﬁﬁqaﬁclpi \gpt’logy ryqtdgﬁoh?%d%ﬁ%s&éd cont g%t t%ﬂt)héﬁidr ain 116 of the
transidst%ei ﬁﬁ?ofiiggtayérslzf’ldlietef;&ﬁ?xﬁﬂagl;m?Ois;Iop}ﬁ&ibjaemniilistgr ?l,err}elnt |t2g. Al'so, a
second contac is made 1n _the dielectric er o allow the
conduct orpréfespbly an PrMQStengigiar, fprmedyn the g °HJat efi'ifﬁ‘ggls[ he transistor |30.

Fig. 3 r@f@ra%%ﬁm b AoRGRTSERIIrON, Aéh Anhalifen athouph otebodi ment of t he
i nvention I n ich a substrate body contact 113 i.s Jgﬁe i ntegrated

d withi
circullt IcbAductoreennrie aipedsych a5COPREF R“d(&?éf_b kyHmeL °8}‘plfjo_ e_e%“)"s‘(gﬁpr;’ e transistors
formed in Lhe SUbsES &LiSe rekfdntiPhsd £ARRGLEREgioAIb MdAi dateadalThemsk | ayer for a
substrate contact I's used to pattern | 0 and etch through, %(g]ol ysilicon pad
129 and gadotionsienient 20%s midetfrom eresigiéne copdustivedryer h2 thabis deRpsitsd 9 gi obal acti ve

area 118 pepegt h. the pal ysilico 120 4 Thi A hefisddlgd r at e beneath
t he pol ys‘F’? E@gl‘?x‘gﬁgﬂiﬂg@ @e?ree Faﬁlpog’gﬁé%%c]h %%lrnuﬁ‘h%k’g% ive area formation.
Thus, t he:;j&ubs blemb 200b pfdtect thd ejectidnletensnti2t fram the d0tivequalidesdir ect 1y ti ed
preferably to ground for an N-MOS circuit or VDD power f.or.a P-MOS circuit.
I n 1513 hi fuid sahpsieseg Srbatiniehessiagn %égr‘saqlsé’of:egrﬂvﬁrct{"e %ﬂ%&lolﬂs made using

the subsegugnth FU aftPithdr Siin Gl i1y s iR hdve Yedn dbpdkitedsrethe suthsiryte 1QNTal um  whi ch
rests on top of passivation |ayer 122.and dielectric |ayer 136. It should

be not ed d¢rént a pinbeads thointagraadSiryit edgl a3 edbiopd wigh €38 obifics Yeres 8ul k (backgat es
or bodies) of the transj f Ok L gt 180 hhethet 0 ground 20
pot ent i al *PYP 2R¢E b(%rrn%t/&&%o gﬁﬁ%ﬁat%g?' gﬁl\%ﬁ%ﬂ%&bl asing is done to

di schar gepRagdtivh Myeehd didipivicotad fromidagiegeatued tabupblercplapseth fuidst rat e current
during dynam c transistor operation. By renpvi r}lg th§4h1i {aj g.sog)(Sie e isolation
and h3i nehamber RftepBig eigstiondrogs nazple 94 fpa £3VIRROMHRAYE 4* KR SFPY*ETvos, p+ for
PMOS, 0”9?%875,@%&%2?2} hBhriR Bk i Wis l4yat 32 batye ERpdsadini s to create a

ig.

poly pad to prevent doping 2~ active area benegth it and then
creating subsidst( ae thoslnyeatrrogesBdon thssybstretsd 0 Sefore apalying Bt gat e oxi de

115 to the sybsprg SOULL 652 Lil8e BSRufbledaysRPATat e substrate
cont act rr'a%?léfhatpg‘lgn%g?’-e{ges%gmt%%é'gcost an%l 1c%?rpl exi{);/: oyf%ﬂ?he process. To

prevent t pilgmerdaipdxymateriob sSeyeralracthgsis fesraating the prficedaR@ERNYMR substrate

body | 27 (apd hence) .t he body of the transistors to ground potential. By
not c%ﬁneé’t‘f’]‘?'?ﬁﬂf‘ﬂﬁf'%éhes%strate body 127 to ground 64, the substrate body

127 is al | owednlie dnitdaimetits@f the inveatiangenlikad cetveationalproesas, 90 iskd NMOS and a
ol 8L D00 LIS RSt RO ARk SRR B RpN v W T
on the substrate. Instead, the gate mask is modified to form closed-loop gate
structures to accomplish all the isolations required to create the transistors. By using a
30 closed-loop gate structure, the drain active area of the transistor is enclosed by the gate
of the transistor. The area outside of the closed-loop gate is the source active area of

the transistor. This gate layout technique allows for the creation of a new process



10004055 14 Cctober 2004 keep the inherent isolation diodes (substrate to
active source, drain areas) reversed bias. Wiile ideally the substrate body
127 of the substrate 110 is biased at ground potential for an N-MOS

i nt egr at ed*®*fcuit (VDD for a P-MOS circuit), the actual volt of the
substrate body 127 can change the current-voltage char]aﬁ:@‘étf’]i’%?g(& of the
transistors slightly by affecting thesgate V~ (voltage threshold turn-on)
potential. Because the nodified process allows |arge anounts of ground
potential junction active area to be strapped to ground, the charge

accunul at i fow for ctdadngsarhistepmted cirodtthdi2ipes mt miqnirerihe eetivedevglimask e substrat e

charge creates a forward, bi as -n+ juncti.on bet nd active
area thus ‘i'%ﬂtﬁ‘f"? %QFffftS?n%8%%eafﬁaﬁ‘gh‘%}ﬁéocg%fﬁgpf’é’fcéuqbti)r&b;{ﬁE%h@%d?‘g%ﬁgund 56 over
a subst ant §,adatiRA) ditride degdkitiohnd BpReha kel step.r Thiisfone bkndfieaktge current into

t he substrate body 127 raises the bod%%lfotenti al, the ground, potenti al
junction aByenyien i BaredpeHonof PRIIPIRRIGCTING SIgps CPREFELIOSOMBUPEL St han one

di ode df opyoRRodEd BGks SHor Bzdi G @ASE. AR clailarp obihticabl préceko reduce the V,
voltage required to turn on the transistaors,, This, slight . increase is

normal |y niocludesphosiersraf ate-padioyisaien clean, pad oxpdatipn nitridae8Pestgis fdVE, whose
body is directl r ound I i At 9 % s. Thus, a slight
reducti on %Wgwlyﬁﬁpﬁy’nagﬁgeg%%é?egﬁ %ﬁg?@ﬁ%—ﬁ,{e ﬁg§g%fe??lgﬁllgdghﬁ‘g? di gi tal

circuits. JFhadiehodeglazé, hirideififip,laad preqatetoridatordidnttefarhgrosingshe at e body 127
(Fig. 3) can be elimnated entirely lglher eby further rleduci ng process steps
and manuf abemal gge eude-sAll pfifiets tpa Pt e SXDPARY CUNVERHOMR AOFCETFT ng have shown
that ney di {ifGhaaEesed Binh Hhrceds tofrhdke mBRIiMasts bf g RvpRIohoSIRAER bet ween
integrated circuits and printheads enbodying the invenltéciio tsg(?t are built
with and widtine laverphotabighogephy is shminated gie reduges the total gym eﬁ‘b‘fl y schematic
of a transi.5lof.f! ffé{ffdﬁtioﬂst%cz‘,oﬁugerﬁgtle Erithe 180 rARNthicR icRbxRIc@slet By €l ement 120
shown as R'~"as one of a matrix of ejection elenents on a printhead.

Al t hough t etes ased ts aake @hbadithents afithecinyansion, aalielestrig @%efmggﬁﬂbb’o control 25
the ejection elenent 120, thig circuit i.s provided.t,0 de ate several
advant ageoﬂ@sﬁléoﬁg’lé?@ g}lﬂss1§ﬁ@;]iea\}g?#qaﬁh%yfp%ggﬁog,é? Fgﬁﬁée gsr?eqﬁfﬁ%sio i s coupl ed
to a pism boooeaksiriBl bit@rek&aislii Betiver 4000 & B, 0000 ngdtiorhy @rpsdastror 130. The
source of T1 transistor 130 is cagnnect ed.to %Fgu({f{i %4(1 Thcfa% te of T1
transi st or Beeagss of thegistiinedhinpe diglestricdayer duegp tedagk of fic] and the drain
of T3 trangir@tedf ettOprofdtfesS Helc6Ra@bich tep inARS tdnivertiod) précessdn prédrattly t 0 30
ground 64. The gate of T3 transistor 40 is coupled to an enabl eB signal 50.
The gate ofhanged toarskorir smepprigdtopmyphtayeraiching. divasra@Rrsiigha 44. The drain
of T2 transistor 42 is connected. I I t 0004055 14
Cct ober Zoﬁofvﬁ[iltﬁ’.na °P§a°t§g°hep>%§°ﬁgﬁqé’§§w%g§@%?“3’9%3?‘%3@? hg@gfgﬁ Ir%?? @S schemati c
of Figpo4 andiepbleibBsi2asaratis of the invention. The gate 114 of TI
transistor 130 is forned as a serpentine cl %s‘gd-l ogp stru%t(gr.e itn order to
i ncrease the | efigthison cXeRPIY CEst 3oL 2B CHOPYREN DA FEE LYEHEE t r ansi st or .
Wt hin theel 95eRcbBORtind S irHEmIoA. TAGhié SmERhaE tReeand 11 Fie conductive

| ayer 121 to connect to ejection element 120. CQutside of tlle cl osed- | oop,
the sour ce'aBHtqrds thapRdr MR theh By BRLIY BFEIRISETE 1T 2§81 8% r ound 64. The
gate 114 of,afderbLRIAS oSt vidvd Geb BigCOUD @ik dntbolii@nt, Bsdhdemsstot 188 oal osed- | oop
gate of T3 transistor 40, which is its drain. Also within the cl osed-I|oop
gat e 525of 1317 isdersied uoing 4 0loesl-lopipeats Bietyra o a9laiihe dgin Mo of thensi st or 42. By
placing the T2 trapsi.stor 4 i t.hi O8] I of T3

transi stor%ﬂ‘glstt%é%scv)vdtr%éne&%ﬁ ?@40&@ 5&55@? éisgﬁ%gﬁ's%lﬁ)en%ﬁcﬁg?%g{tﬁs coupled to
the drain e@hnsistortIBamsShsdiderofdiz cldsadlapptgete 5 this e®odimants he field o4ldeiiss coupl ed
to enabl eB signal 50. The gate 54 of T2 transistor 42 .is upked to enabl eA
si gnal 44. ZPH& qniks E}@St{)"‘}{e{ﬁ)ea“SIHBésé@-dI%]b‘Sdgfcitogﬁg%eftﬁﬁ'gra{nrgl%salggtor 42, its
drain, is eau@ B8 atovd haeas atid ks us i eetlackiof field odBle gidwikiaglieléctiis an

exenpl ary schemgt.ic illustratin electrical .interface between a

recor dPg F/ril(rrr’glé Ao i%?@@?&?@gr}‘cr'igf‘t&%?stb“fﬂrﬁfer E}' iazr%elgknéesst(\)rl}gnsi stor 130
wWith an ej gghie@NaRuesmm0to At 11,000t AngstransipréateriRefBiablytof at e contact to
ground potential is made. The bul k of transistor 130 is.shown as having an

i nherent  dpbrsehastiggistahserio piewids deritheamal istiation eveen hegICMHET™ns. In this
exanple, the drain 116 20 of transistor 130 is coupled to an ejection

el ement 120, a heater resistor. The heater resistor is further connected to
a primtive driveline 46. A primtive is a grouping of ejection elenents,
such as a colum of one color in printhead. Thus, the primtive signal
interface 46, the gate 114 of the transistor 130 and the source 118 of the
transi stor 130 formexternal interface ports (such as contacts 214 in Fig.
9) that a 25 recording device can control. The recordi ng device 240 (see

o o o, a e~ 2 1 N N o



_s0 For an exenplary process that. incorporates the invention, a MOS
integrated circuit with an ejection elenent can be fabricated with only 7
masks if the substrate contact is not used or 8 nmasks if the substrate
contract i'¥%tSed. To make a printhead 10004055 t0 14 COctober 2004 the
integrated circuit is processed to provide protective 1%9‘&?2“%?1 an orifice
| ayer on the stack of previously applied thin-filmlayers. Various nethods
exi st and are known to those skilled in the art to forman orifice |ayer.
For an exenplary process the mask |ayers |abels represent the follow ng

maj or t hi n2§ khdihk aytRtrate 10.f Affiest cansct 17his nds lnshadielettab blyerd 36itm t he or der

preferably used) as gate, caontact, substrate co t, (,opt.ion , metal 1,

sl oped meteHpw drecgendygfiye la&%f\}ﬂéé&%lﬁ,wam t?rgleélfaé’? pfﬁé‘g.the’frq%ém%ﬂe@(enp! ary flow
chart of a,HtOGRRS HSRH b RAbEcIBRet1DEIARD AkecdntGbnthct 1DREs embodi es
aspects of the invention. In block 310, the gj&gc%is Eee msé{b{mmﬁh a doped

subst r at e,m3ge éf e dislegtris layer He glley Hercpadustor HEpe doped 10
substr at e o o PMBr hetrsis@AYRNL i Onal process, the maj or steps of defining
active areas and growm ng field oxide would be perforned. In the process of
the invention, Fighd ivorexemplaniraossseasion obin altempiiverfnhedimentofdbs i ve areas with
an active .nmask and f.i.el d,oxi r Wpatie bl 312, a first
di el ectri d"‘feglj%’?‘ ngyhigig %‘b%tﬁait%dgo chxﬁ%% 5 ?:{elg ugejr‘li ‘}gﬁlq{éwﬁlg%rea dgb b‘gglt? ?f:{t e.

Pr ef er abl yteo céhnke@)ts the®hlkSbidkgnes atibodiegjef ihs thnasiswes fdrmed in the adsteate.he gat e
oxide. Alternatively" the i%mte oxi.de can be, for m&*dt from ;gv%{tgl | ayers such
as a | ayerln§fs gnbqdigentyAngap lagnaéﬁﬁskala)/%%a SBbstafe| PR 1SS PR ™ Radi t i onal Iy,
sever ajg diaEE%{cﬁmmmta%@fsimtm 2yiafggdthiexi@al 16 that atbersad to blovkhe t o t hose

skilled in the art. In block 314, a first conductjyve. layer is applied,
pr ef er abl yloaingepa globalgativsrargsol 1§ begeathths palysilicpn P%d(t)ir?\é( Jhis EPYV? @Sn), and

patter ned Wit bt diG: e pIBiticdHld W8 10emélh ¥n®lpeh@dtinRcicqsds 20 316 in

i
cl osed-| oop structures lpgﬁ?ﬁorm the gate regions fromthe remaining first
conduct i vefomayien, Thisethd sabistratotoritine 117} @rikd sibsirage FlOcambe directly tied he

cl osed-1 oop and the source of e.transistors in t ea qQutside of the
cl osed- | odpeferplyde giod .f(’FﬁnHrMbg cgqut OIy[ggB%‘i’ﬁr f%’oar%@h(ﬁ %{fclug'nh} s applied in
the argas pf tdEpsyREHE@RT MR bublstratd Qént&R$1 T ¥ GlaBludiyg thbiSubkiqusitlyconduct i ve
| ayer to create thé active regions of the transistors. 2~ A substanti al

portion ofapples euitasiondayer Bdr prafeeablyi tpntalym, whighteel§ 0B P PPFY AU on because

no island | SquB8Std BvR!19€k 320, a second dielectric layer, preferably
phosphosi Illg%g'ltfzei@dass rll3‘SG3, is applied to a predeterm ned thickness (at

| east 2000 but Ipshefidbanbipd het weeemtiahn MOS 0G@ratest cirgwits biaszholpdk Angst rons or

greater) t rovide suffi.ci ent .t hernmal .isol ation betwee | ater forned
ej ection e‘lgécﬁfé?ﬂes %fﬁ’(?a’teﬁé’f feapsistprs forgied in e SUSs %Flgﬁf\@,gq Mer the PSGis
appl i efh i dotdnBiall8PRLNIOS Gr VOIS poddiiaikl t¥s PREOSI Eniabipding i8doiidte diselemged di el ectric
| ayer, a thin layer of thermal oxide can be applied.over the source. drain
and gate odfackgreundranesios legkage ardbanyinpetod fubsteate qyrTERGAVEEE HMAMFout 50 to 2, 000

| 0004055 I ., 55200, BI0énAIGShE AR ot isBl@b:eiNaYind HRG0ADEIL r ONs. 11

bl ock 322, a |rsl% set of contact regions is created In gl[tlsgl second

di el ect ri carfagpé thegabstgterdnpedayfoalM AP gk frEMOT- PO PBRIATIE 8 d he first
conduct i Vel ay&hARIRY cbitfet RGb kMbte h§BiyPRs 195 (Md18) lorpaéiehtsdoping.  Opt i onal |y,

a second etch step is Used with the optional substrate contact mask to
pat t er?s anattiet aha benoath itaind tn orsayngcomybytatescontaet 19 B gurughale poly R¥c ond

conductive Jayer, pref l.y. an electrically. L SLl LAYSL such as
tantal um al %ﬁ%ﬁﬁ?ﬁe Of“gje E%% °itpé%lsu%}laéfég%séotslgéﬁﬁlr@lé ggr?aﬁfﬁ;?,ﬁlyan bl ock 317, the
second conguetdtd/@ntaay@askitbat iredand tiaf coptainy conyslexdtyl of e psedesscon (pol ysi | i con)
. The second caopnductive, lgyer is used to create the. eject] ment. In
bl ock 326, a ¢ L e vesh et Gand! §9%°ne SRHAR 15 ] %"r‘ﬁ“%ﬁﬁ%“ su"?‘"%%ﬁ’??’gd,
pr ef er abl yi dyy a6lERO64)ttheBbde bf G trafiststorn . ground potential. By not connecting the

30  substrate body 127 to ground 64, the substrate body 127 is allowed to float due to

leakage and stray currents. For NMOS and a p- substrate body, the substrate body 127

is ideally non-positive with respect to the source and drain regions of the transistor to



10 I'n block 328 the third conductive layer is patterned wth the netall
mask and etch to formnetal traces for interconnections. The third
conductive layer is used to connect the active regions of the transistors
to the ej é8t%Bn el ements. The third conductive layer is, als sed to
connect various signals fromthe first conductive | ayef4 @Btogec#l Ve area

regi ons. To convert the integrated cisrcuit to a printhead further steps
conbine 1 S printhead thin-filmprotective materials and a conductive |ayer
tointerface with the integrated circuit thin-filnms. In block 330, a |ayer
of passi vatepthe inshemppisoletdbnodiedes (ubstratedo agsivsisquress graireafeashseaersedon t he

substrate. .l n_bl.oc 3 usi.ng .t he . vi a../ms h | i ayer is
patterned bigsd @’%ﬂgﬁﬁy@eﬂiﬁ?é ba?g)é é%—)o%éhess F Stf)a%e @8&?@%6}{?%%@@%&5 in the

passi vat i Qatdn@Xbr indNIM@S idiégralecanrdiy CVDDEol HB-HOS Ercnfip tiabicyat he protective
20 passivation | ayer is nmade u_g of a layer of sjé%gi?ccgn nitr.l deetﬁmd a |layer
of sili corvoliagefdis subsirats hady 1350pn change e uirprRiy olagF chapsteistieSOfdPe i s appl i ed,
pr ef er apl | thOgatd™P] (VIO tHRshb1A tlth @6 Kpoddfial. t he cavitation
| ayer i%s gg%]?gﬁ)%esgggv&ly:%%?%&eﬁ%avi ati o(n %gsk and etche_jéll.), In block 338, a
fourth coriheatse s medifed prpgess dlosislarsepsmanntspé ground pfensial iWpeiofer ed. The

fourth conductive la i r i t: i | ock 340 2s
atf, A&g 0GR R telbdd

and et chedt'o %?aetgtb5¥§%fﬁa€50?§§/l§en%t{rﬁgg}éa.é#ﬁ&e %urtlﬁ cgn uctei vei_)l ayer traces

are used tR7nEdkmined Bahussithdsubitated dhiarge ceatasiaforvard biasgdgr-nt funotiagh t he second

t of t act [ jn.th jvat i | A EX | Si s t
oper at et HENEP TSN AL E B Bt THDe R or Bt e P RN 100 Phber . In step

342" ap or%g&drﬁessloaylezsubammpbdream 6fBY inteBRtedltirb i df Rhkdgh eurpameintous| y appl i ed
stack of thin-filmlayers on the substrate. The orifice J.ayer. is made sO of
one or nortée F‘&’?téﬁ*%?"’%@?é‘ﬁﬁsélﬁqoglp‘?tﬁmﬁ_ﬁ&fi%@“@p FB?%&W{}@%%& er layer to
define flujd wekdBe bddyWollageafiGadl Rlekalintone 8lod6 @dp) EEe iffect dfanej ection

el ements, and then applying an orifice plate with nozzles defined therein
over the fihukatewebddy phtentialily tegedungthe ViviBaosguird warpeethie2004 12 any

ejected fluid fromth rinthead Anoth ] LS. b -2

phot ol i t haff"&a5hT% r%‘bsl s@ﬁgtrm%?asglpsélfgnarqr@tngﬁ r?&%ﬁ%?a@h&ggt exp%glsed and

devel oped MOsfiehsktbnehdst bbdy walréctiggebundxizs ggproxTaelydl8/mdr2 witsepoxy materi al
can be made of one or nore_| ayers. Fi 8.1 s.an exenpl.ary prospective view
of an i nt eliataeticht edysipn °%V*f‘%’/‘ﬁi“8t %eé‘frggy Hfechin QRRRIonET g\ﬁﬁ?lcchrc%lgsbodi es the

i nvent i on. T FHOSEE sidBtrs Bstdcat 18 3 1d M kisbsRats badK 20f(FiglB)rad bé m | ayers 132
that make up the circuitry illustrated in Fig. 5 Di sposed on the surface

of the i ntaigrinatedientiraly: thiereby Surther rafycirggieocess,staps abMUREACHIIRE COLS at | east one

opening | f ' ' el s j ' 1.4} GRld pled to the
ej ection 2[? “é‘%tg%‘}ag("??&ﬁ‘g‘g“‘#ﬁ%* %%%VQ%}@%F%%%H%B?@?@ gsggﬁ%&,&tﬂﬁgjej ection

el ement® 1RRriagepeHdnpate bitosatinkgnedichicundnd primhdadnembudying the t he f1 ui d
wells in order, to inpart energy .to flujd within.the fluid wells. Fig. 9 is
an exenpl apyentipthat g bpilt vifeand 20theptA SuPSIRESOBRSSHYS the fluid jet printhead
200 of Fig. 8. Fpe if hvb@npbiy helaRic?Aq uhRsstiér deslyusdd & delativalef i nes a fluid

reservoir. The fTuid reservolr is flui~dically coupled.to the openings 190
in the orifonee! apsiqcgrrlemgy 139 shoga 3 Ripyionedl 2t HedE P e 11 ui d
cartridge Z20nHAfead RIBSTH Reré £0ubvat0bthelfcuits thiSbulabetsedso eonbbsed foam
sponge to prevent the fluid within the reservoir .fromdrooli ng out of the
openi nd 190e ciFpEonetrsregy 126, Su§ gienit rprevyidaddn demensiate sevgrakpdyantggeols,  he f| ui d
jet printh g n i G5 iszbplstBoRGrithifivefiveligecui t 212
%0 Flg 107 %tiﬁqgei‘éﬁ%ﬂqgﬁyef%c%g?ch?%gg'ﬁ%’@i B B e e o

cartri dge ®24dob theidgain Of T Thransisexr 63 Qi Ty sderes efcl Dupmsister | e sonnestedi um tr ay
250 for hol di di r.dj i RS uite LF T8 trat s por t
mechani sm tf%ﬁ(p Srgﬁnbi;geéggrgf(jfﬁ?n%‘g{@p?%dgﬁ%rﬁlgagﬁggifum tur_gy 250 across a
d"first di+xotitondein df i@ thhustor 40etThp seunternddd t20d9steorfOtih eonppgi¢ditocar t ri dge
220. The recordin ' 2 o Ji58N$ROEde 25

mechani sm “ngﬂn(f%a?r h%%}“ggﬁg ﬁgigﬁ%g%régggérétu ﬁegg"za“geé%ﬁgﬁ%g’t‘r anspor se.t he
recordi ng eff2 trindiger 226 conpled ®aoenablal siged #4onThephrah of Ebirgnsstar4dgonal to the
first direction, acr(?ss t he medi ym 256. What is clained is: 10004055 13
CLAI VB 1. %RnPsitdkigPadass sele'stBmfl 4%117) for a printhead (200), conprising:




14 Cctober 2004 5 a substrate ( 110); a set of transistors (130) forned in
- the substrate wherein the gate (114) of each of the set of transistors
forms at b@asss one closed | oop; and an ejection elenent (|20) coupled to at
| east one of the set of transistors wherein the eJectlon element is

di sposed over the substrate wi thout .an intervening fielt© ERPﬂéo%b | ayer
(12). 2. The integrated circuit (11?) of claim1, further conprising a
dielectric layer (136) disposed between the ejection elenent ( 120) and the

substrate ( 1 havi n gons. 15 3. The
I ntegrated ci h%ls %Tslﬂ%%gpﬁagt &m%%§ﬂ$ eﬁ‘aglpg{:?g?ﬁ&l ayer (136) is
phOSphOSlérﬂHé@ie@aﬁl:@%f théinvdhidni Thegtal ldabfdi Itmnslﬁor(lm‘k’S)fomﬂeddsal m 2, wherein

the dielectric layer (136) is,20, conprise f th I d d
a | ayer dﬁrpﬁmﬁmgfi Jopp strigstyge ipsard er@ngl?ﬁ%sed}?ﬁq@gﬁ%b?éﬁee@té)tgﬁf eEalnil?) O)(;:‘ gl a?nm

1 wherein eacl r@ilgﬂl@ n%.ﬁsﬂst&l'f Wl’ilﬁﬁ‘ﬁk%fo@édsl&ﬂ-%@drﬁﬁﬁl@lsléblxhtkctécfwﬁhI s not

directly connecte substrate. . The integrated circuit (117) of
cl ai m5l vihendudtive hagersi@i tofonnech osdiestion 9‘81(1&!30530 i Qutsige Pr@ée HPteddeRP an act i ve

ggf ko?eI Irt olﬁtg :ugé[?a lrlg isc ﬁﬁ*eﬁw&raﬂgﬁg c%h&nﬁ:ﬂ{aé Ia%er &é{r))mﬁl d4. Aheighte 11avherein the

ate oxi formed wth a | ayer of
silicon chfd)dltdﬁsxandlmlk aynpted@dthsmsmc@ﬁthnnlosqddeopwg T3Arg96istat head (200),

conp t t ed
ot ober Zornigh i FRBoARayai s ofeddoh enf o2t Ta BadindI0 8 ° P P a1y
coupl ed tQ,deflf gﬁf‘cto'f?ﬁu%hs%&nﬁz By bRGing mmlabmzmﬂmzmda s further

fluidically coupled to a fluid channel 5 deliver fluid to,the ejection
el enelt . @tivoartd ofi B trzasistor #Qje @tzxzmof Tééq%?*st%r“r‘?gs infripsically oERELIP (200) of

claimsg; g exi%qy?f(’l%ég%hﬂﬁgylifgfh% g'ﬂﬁ de Tfl?ﬁfsfé&'r o fs! cUbﬂé(P@lehé’bléB)Um ed to the

fluid chann pressure re ulator (216) for
mai nt ai n|smgmhsme"ﬂatgatcé4mfé'3mwtqréﬂa&qoveledtS>qnh‘éeéﬁ'lﬁp ahs ingifessure to

o et L R B AR L R R o2 s o
(240), cogpfaisg.ng: the fluid cartridge (220) of claim9; and
15 Fig. 6 is an exemplary schematic illustrating an electrical interface between a
recording device and an integrated circuit that combines a transistor 130 with an
ejection element 120. In this example, no substrate contact to ground potential is
made. The bulk of transistor 130 is shown as having an inherent diode 13
between the bulk  and the source 118 connections. In this example, the drain 116
20 of transistor 130 is coupled to an ejection element 120, a heater resistor. The heater
resistor is further connected to a primitive driveline 46. A primitive is a
grouping of ejection elements, such as a column of one color in printhead. Thus, the
primitive signal interface 46, the gate 114 of the transistor 130 and the source 118 of
the transistor 130 form external interface ports (such as contacts 214 in Fig. 9) that a

recording device can control. The recording device 240 (see Fig. 10) includes a

1)
W

primitive select circuit 58 that controls power 56 via a switch 60 to preferably a group
of ejection elements (a primitive) on the integrated circuit 200 (see Fig. 8). The
recording device 240 also includes an address select circuit 66 that interfaces to a
driver 62 that selects an individual ejection element within a primitive.

30 For an exemplary process that incorporates the invention, a MOS integrated
circuit with an ejection element can be fabricated with only 7 masks if the substrate

contact is not used or 8 masks if the substrate contract is used. To make a printhead



a transport nechanism (254) for noving the fluid cartridge in at |east one

direction with respect to a recording nedia. 20 11. An integrated circuit

for a printhead, conprising: a substrate without a grown field oxide |ayer;
set of transistors, wherein all transistors on the s e forned

with at | east one cl osed | oop structure; a set of ej ecﬁ)é E‘Trgrorg

di sf nosed over the substrate with anl®ntervening 25 dielectric Iayer. 12.

The integrated circuit of claim1l, wherein the i nterveni ng dielectric

| ayer disposed between the ejection elenent and th rate has a
t hi ckness the @%&%‘edt%fﬁhﬁ?WSSAQ&HT?E%PWQB‘“T@WCWQ %%"real?)@ﬂ‘”&l rcuit of

claim 12, c I i cate

gl ass. I g%gé%ggp i%%fhlgl@éﬁégg}?lﬂgggi%ﬁl V%Lguslxﬁ%ﬂgfgd? gﬁgﬂgﬂg?&gﬁlﬁﬁhof claim
1ﬁ, whler eitn éltohesldimetdeilnwlmurtrt' g fatinednaifice kayérayeor an exemplapriresss ¢ mask ayer of

t hermal oxi de ala hos h05|l| at.e nt egr at ed
circuit of®fHf la%q Tpﬁ%‘?é\e Oﬁvén% LUl ﬁglnlé Sf(grs]%?célf)grsﬁlg-smagk uI kgt hat is
not cormnecdredbéled @ﬁtﬂewrdeoptemampma)rmgete chhtact] hubstrawt egtaat @gticial)cui t  of
claim 11 whereln tg e?ah ﬁast one.transistar is forned 10 wi t hout an active
mask def i iPERIGrslopes mefgl gtepfi GrUtRLep: 8?‘?'5‘553@ of claim 11 wherein the

transi stor has g gas gn &¢hPRirf Mmﬁrﬁluf'fafpr@edsaxy@irtoefeaﬁlahhmegiatdd oxi de and a

layer of silicon nitride. 15 18. Aprlnthead rising. the. jintegrated
circuit ofciighiathet ambodigs@speats of the inventiony dp le%lﬁwp PéPCFFé E$‘BS ‘Mtﬁﬁd. gal ly
coupled to ‘ further

fluidical ~ %’Q(gsouﬁ%) gtp{reg&gﬂ'?gegépeﬁann&?gtfogwae [ ver fI UI et'ao the ejection

el emento.  2@bdaite fAr PMAOISH Io aconvieotipnal mrogeps; theinmjor steheofdeiiningeettveof cl ai m 18;
areas and growing field oxide would be performed. In the process of the invention,
the conventional steps of defining of the active areas with an active mask and field
oxide growth are eliminated. In block 312, a first dielectric layer of gate oxide is
applied on the doped substrate. Preferably, a layer of silicon dioxide is formed to

15 create the gate oxide. Alternatively, the gate oxide can be formed from several layers
such as a layer of silicon nitride and a layer of silicon dioxide. Additionally, several
different methods of applying the gate oxide are known to those skilled in the art. In
block 314, a first conductive layer is applied, preferably a deposition of polycrystalline
silicon (polysilicon), and patterned with the gate mask and wet or dry etched in block

20 316 in closed-loop structures to form the gate regions from the remaining first
conductive layer, the drain of the transistors formed within the closed-loop and the

source of the transistors in the area outside of the closed-loop structures. In block
318. a dopant concentration is applied in the areas of the substrate that is not
obstructed by the first conductive layer to create the active regions of the transistors.

A substantial portion of the substrate surface will be created as active region because

]
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no island mask is used. In block 320, a second dielectric layer, preferably
phosphosilicate glass (PSG) is applied to a predetermined thickness (at least 2000 but
preferably between about 6000 to about 12,000 Angstroms or greater) to provide
sufficient thermal isolation between a later formed ejection element and the substrate

30 110. Preferably, after the PSG is applied, it is densified. Optionally, before applying
the second dielectric layer, a thin layer of thermal oxide can be applied over the

source, drain and gate of the transistor, preferably to a thickness of about 50 to 2,000



a body having a fluid reservoir fluidically coupled to the fluid channel of
the printhead; and 25 a pressure regulator for naintaining a negative
pressure roeds8dsi ve to the ambient air pressure to prevent the fluid within
the printhead fromdrooling out of the nozzle w thout %&tvati% of the
ejection elenent. 20. A recording dgyice, conprising: PR PP o
cartridge of claimln; and a transport nechanismfor noving the fluid
cartridge in at |east one direction with respect to a recordi ng nedi a.
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passivation layer is patterned and etched to create a second set of contact regions in
the passivation layer to the third conductive layer. Preferably the protective

20  passivation layer is made up of a layer of silicon nitride and a layer of silicon carbide.
In block 334, a protective cavitation layer is applied, preferably tantalum, tungsten, or
molybdenum. In block 336, the cavitation layer is patterned with the cavitation mask

and etched. In block 338, a fourth conductive layer, preferably gold, deposited or
sputtered. The fourth conductive layer is patterned with the metal2 mask in block 340

and etched to create conductive traces. The fourth conductive layer traces are used to

I~
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make contact with the third conductive layer through the second set of contact regions
in the passivation layer. External signals to operate the printhead make contact to the

fourth conductive layer. In step 342, an orifice layer is applied over the surface of the
previously applied stack of thin-film layers on the substrate. The orifice layer is made

of one or more layers. One option is to provide a protective barrier layer to define

(3]
o

fluid wells (fluid receiving cavities) coupled to the ejection elements, and then

applyving an orifice plate with nozzles defined therein over the fluid wells for directing
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The recording device 240 has a first transport mechanism 252 to move a medium 256
from the medium tray 250 across a first direction of the fluid jet printhead 200 on the

fluid cartridge 220. The recording device 240 optionally has a second transport

mechanism 254 that holds the fluid cartridge 220 and transports the recording

[
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cartridge 220 in a second direction, preferably orthogonal to the first direction, across
the medium 256.

What is claimed is:
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10 layer (12).

2. The integrated circuit (117) of claim 1, further comprising a dielectric layer (136)
disposed between the ejection element (120) and the substrate (110) having a thickness
greater than 2,000 Angstroms.

15
3. The integrated circuit (111) of claim 2, wherein the dielectric layer (136) is

phosphosilicate glass.

4. The integrated circuit (117) of claim 2, wherein the dielectric layer (136) is

20  comprised of a layer of thermal oxide and a layer of phosphosilicate glass.

5. The integrated circuit (117) of claim 1 wherein each of the set of transistors (130)

has a bulk that is not directly connected to the substrate.

25 6. The integrated circuit (117) of claim 1 wherein the set of transistors (130) is

formed without an active mask definition.

7. The integrated circuit (117) of claim 1 wherein the set of transistors (130) has a
gate oxide (115) formed with a layer of silicon dioxide and a layer of silicon nitride.
30
8. A printhead (200), comprising:
the integrated circuit (117) of claim 1; and
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9. A fluid cartridge (220), comprising:
the printhead (200) of claim 8§;
a body (218) having a fluid reservoir fluidically coupled to the fluid channel of
10 the printhead; and
a pressure regulator (216) for maintaining a negative pressure relative to the
ambient air pressure to prevent the fluid within the printhead from drooling out of the

nozzle without activation of the ejection element.

15 10. A recording device (240), comprising;:
the fluid cartridge (220) of claim 9; and
a transport mechanism (254) for moving the fluid cartridge in at least one

direction with respect to a recording media.

20 11.  Anintegrated circuit for a printhead, comprising:
a substrate without a grown field oxide layer;
a set of transistors, wherein all transistors on the substrate are formed with at least
one closed loop structure;
a set of ejection elements disposed over the substrate with an intervening

25  dielectric layer.

12. The integrated circuit of claim 11, wherein the intervening dielectric layer
disposed between the ejection element and the substrate has a thickness greater than
2,000 Angstroms.

30
13. The integrated circuit of claim 12, wherein the intervening dielectric layer is

phosphosilicate glass.
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16. The integrated circuit of claim 11 wherein the at least one transistor is formed

10  without an active mask definition.

17. The integrated circuit of claim 11 wherein the transistor has a gate oxide formed

with a layer of silicon dioxide and a layer of silicon nitride.

15 18. A printhead, comprising:
the integrated circuit of claim 11; and
an orifice layer defining a nozzle fluidically coupled to the ejection element and
wherein the nozzle is further fluidically coupled to a fluid channel to deliver fluid to the

¢jection element.

20
19. A fluid cartridge, comprising:
the printhead of claim 18;
a body having a fluid reservoir fluidically coupled to the fluid channel of the
printhead; and
25 a pressure regulator for maintaining a negative pressure relative to the ambient air
pressure to prevent the fluid within the printhead from drooling out of the nozzle without
activation of the ejection element.
20. A recording device, comprising:
30 the fluid cartridge of claim 19; and

a transport mechanism for moving the fluid cartridge in at least one direction with

respect to a recording media.
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0Z10%& ()-S/310%& ()-3,,"109%& ()-!'3,,"10%& ()-*10%& ()-zbC 1! L10%& () -
1098 () - 3310%&ch )ransﬁsl())omsy(tlpned on the substrate the transistors comprising a source
region, a drain region, and a gate positioned between the source region and the drain
region, the gate forming a closed loop and comprising,
a layer of silicon dioxide not of field oxide disposed over the substrate,
10 and
a layer of polycrystalline silicon directly on the layer of silicon dioxide;

a layer of dielectric material covering the substrate having a plurality of openings
there through, the openings providing access the source region, the drain region, and the
gate of the transistor;

15 a layer of electrically resistive material positioned on the layer of dielectric
material and in direct electrical contact with the source region, the drain region, and the
gate through the openings;

a layer of conductive material affixed to a portion of the layer of electrically
resistive material in order to form a multi-layer structure, the layer of electrically resistive

20  material having at least one uncovered section capable of functioning as an ejection
element disposed over the layer of dielectric material and the substrate, the layer of
electrically resistive material being covered with the layer of conductive material at the
source region, the drain region and the gate of the transistor;

a portion of protective material positioned on the ejection element; and

25 an orifice layer having at least one nozzle, the orifice layer secured to the portion
of protective material having a section thereof removed directly beneath the nozzle in

order to form a fluid well in order to impart energy from the ejection element.

22.  The printhead structure of claim 21 wherein the layer of electrically resistive

30  material is comprised of a mixture of tantalum and aluminum.
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material is comprised of polycrystalline silicon.

24.  The printhead structure of claim 21 wherein the layer of conductive material

comprises a metal selected from the group consisting of aluminum, copper, and gold.

25.  The printhead structure of claim 21 wherein the layer of dielectric material

10  comprises a layer of phosphosilicate glass.

26.  The printhead structure of claim 21 wherein the layer of dielectric material

comprises a layer of thermal oxide.

15 27.  The printhead structure of claim 21 wherein the transistor has a gate oxide a layer

of silicon nitride disposed between the gate and substrate.

28.  The printhead structure of claim 21 wherein the portion of protective material
comprises:
20 a first passivation layer positioned on the ejection element, the first passivation

layer being comprised of silicon nitride;
a second passivation layer positioned on the first passivation layer, the second
passivation layer being comprised of silicon carbide;
a cavitation layer positioned on the second passivation layer, the cavitation layer
25  being comprised of a metal selected from the group consisting of tantalum, tungsten, and
molybdenum; and
a fluid barrier layer positioned on the cavitation layer, the fluid barrier layer being

comprised of plastic, the orifice layer being secured to the fluid barrier layer.



